Recent research efforts have established that self-regulated learning (SRL) is necessary for teachers to attain successful professional development. Our study addresses two central questions: under what conditions in preservice teachers' education can SRL processes be enhanced to the optimum level, and how can we assess these processes? The participants of the study were ninetyseven preservice teachers, who were engaged in real-time teaching in a video-digital Microteaching environment. Each participant was randomly assigned to one of two groups: reflective support (RS) for SRL or no support (NS) for SRL. Participants in the RS group were explicitly exposed to SRL aspects and were directed to address these aspects in their reflective discussions of the teaching experience. The SRL process was measured as an online event during real-time teaching exercises, based on a coding scheme developed for this study to identify and assess the SRL skills by two major aspects: metacognition (planning, information management, monitoring, debugging, and evaluating) and motivation (interest and value, self-efficacy, and teaching anxiety). Results indicate that the RS group outperformed the NS group in all SRL measures. Implications for reflective support for SRL and event measures of real-time observations of preservice teachers' SRL are discussed.
Introduction
The role of self-regulated learning (SRL) in education has drawn much attention recently to teachers' training programs, in light of findings that learners lack the knowledge and skills needed to effectively manage their learning (e.g., [1] ). Research on SRL has focused on two central questions: how do students become masters of their own learning process? and how can this process be evaluated? [2, 3] .
SRL refers to a cyclical and recursive process that involves three aspects: cognition, metacognition, and motivation [3] [4] [5] [6] [7] . Cognition refers to simple strategies, problem solving, and critical thinking; metacognition refers to the ability to understand and monitor cognitive skills; motivation refers to learners' interest level and the value they place on the task, as well as their beliefs and emotions regarding their capacity to learn. All of these aspects manifest themselves in a learning context (i.e., tasks), behaviors (i.e., time management), and learning conditions (i.e., group discussion).
There is empirical evidence (e.g., [5, 6] ) that the role of metacognition is particularly important for the learning process. Metacognition allows individuals to plan goals, activate prior knowledge and allocate learning resources; manage information with optimal efficiency; monitor current knowledge and skill levels; debug their work by improving their understanding and correcting mistakes; reflect learning performance against an acquired standard.
A growing body of literature highlights that metacognition develops during a person's life span (e.g., [6, 8] ), indicating that most adults have metacognitive knowledge (declarative, procedural, and conditional) and can plan accordingly (regulation of cognition). However, researchers argue that learners' cognitive and meta-cognitive skills are mediated by motivation and emotional aspects such as effort investment, self-efficacy, and task expectation, whereas negative feelings (i.e., anxiety) and low task expectations might prevent them from being engaged in the learning activity. Consequently, it is suggested that motivation is a key 2 Education Research International aspect that triggers the SRL cycle, emphasizing that the will (i.e., motivation) is the prerequisite for attaining the skill (metacognition) [3, 5, 6, 9, 10] .
The importance of SRL in the education system has set new goals for teacher training concerning the professional growth of preservice teachers [1] . Educators and researchers argue that teachers' ability to cultivate learners who are self-regulated during learning is tied to teachers' own selfregulation. If teachers are incapable of self-regulating their own learning, it will be difficult for them to instill these skills in their students [2, [11] [12] [13] [14] .
Research has indicated that SRL skills are not necessarily acquired spontaneously. Many students of all ages do not regulate themselves sufficiently, and even good learners may experience trouble regulating learning in unfamiliar domains or challenging circumstances [2, 3, 15, 16] . Therefore, these skills should be developed and honed in settings that provide learners with opportunities to control their own learning [10, 16, 17] .
Training Preservice Teachers in SRL Skills.
Teaching is a complex process for preservice teachers. Merely knowing the subject matter and pedagogical strategies, or how to manipulate a learning environment, is not the same as knowing how, when and why to use them [2] . A good teaching process includes understanding the material (i.e., knowing the subject matter and pedagogical strategies); identifying relevant topics for teaching (e.g., taking students' prior knowledge into account); selecting appropriate tools and environments (e.g., computer-learning environment); planning materials and strategies; reflecting on decisions and actions to evaluate goals, processes, and effort. This requires preservice teachers to use SRL skills from two perspectivesas learners (i.e., to acquire teaching skills) and as teachers (i.e., implement these skills in real-time teaching) [11, 18] .
A review of current research on SRL training programs has shown that the more explicit the application and utility of SRL skills are, the more likely it is that teachers will implement SRL skills in both perspectives. Furthermore, SRL training should be part of the setting (i.e., the subject matter and learning environment) where the SRL process takes place. Otherwise, teachers have difficulty integrating the SRL skills into their learning and teaching [6, 15, [19] [20] [21] .
Underpinning these demands, it is suggested that teachers' training programs should promote SRL skills by providing support for learning these skills explicitly and implementing them in their own teaching.
Reflective Support for Preservice Teachers' SRL.
Reflection is defined as observing one's own thoughts, perceptions, actions, and achievements. Reflection is an important aspect in the self-regulation process (e.g., [5, 10] ) and is a central goal of teacher training; it helps teachers understand their own actions and learn from their experiences (e.g., [22, 23] ). However, research indicates that teachers tend to use reflection in a descriptive, technical way by looking at what happened, without critical consideration of why or considering its implications. Therefore, researchers have suggested that systematic training programs with reflective aspects might be an appropriate framework for supporting critical reflection [2, 11, 16, [24] [25] [26] .
Several methods and environments can be used to facilitate reflection in preservice teachers: verbal self-questioning (e.g., [2, 11, 16, 26] ), inscribed portfolios to reflect on their development as teachers and help set future learning objectives (e.g., [27] ), and a video-digital Microteaching environment based on recordings of lessons designed and presented by preservice teachers to their peers, followed by reflective discussion with the peers regarding the teaching performance (e.g., [28, 29] ). Reflection is particularly difficult in the Microteaching environment for preservice teachers, as they must take on the roles of teacher, student, classmate, and peer/friend, all within one task [28, 30] .
Therefore, researchers have recommended scaffolding reflection, which assists the interaction between peers in the reflective process [31] . One of the common ways of scaffolding is reflective prompts, which is defined as an external stimulus that evokes strategy use with the objective of enhancing learning. Overall, research supports reflective prompting as a catalyst to foster the use of self-regulation strategies [32, 33] . Using reflection prompts helps learners focus on their own thoughts, processes, and activities while interacting with materials and peer interactions [2, 11, 16, 19, [34] [35] [36] . There are two types of reflection prompts: generic prompts that remind learners to "stop and think about" various aspects of the learning process without directing them towards specific evaluation criteria, and directed prompts that instruct the learners to reflect on specific SRL components [19, [34] [35] [36] .
Assessing SRL Skills.
There has been a great deal of discussion recently regarding methods for assessing SRL skills [3, 9, [37] [38] [39] [40] . Previous studies focused on examining SRL using aptitude measures (also called offline measures), based on relatively stable traits that predict future behavior, usually via self-report questionnaires designed to aggregate self-regulatory responses (e.g., [41] [42] [43] ). However, SRL intrinsically involves a dynamic feedback loop, in real time and within authentic settings, that require learners to respond to online changes in SRL as a function of both their skill (i.e., strategies use) and will (i.e., motivation). Therefore, there is an increasing concern regarding the quality of data from self-report measures of SRL processes (e.g., MSLQ: [41] ). These measures are based on students' often inaccurate perceptions of their own self-regulatory processes [3, 39, 44] .
Researchers suggest that instead of relying on self-report measures, measuring SRL online in a series of events has the advantage of both being more consistent with SRL theory and providing more accurate data on how learners monitor and control their cognition, motivation, and behavior in a given setting [3, 9, 15, 44] .
The Microteaching environment provides comprehensive data about teachers' SRL, since it enables one to view SRL behaviors and also to analyze processes in a dynamic social setting. However, the subject takes on the roles of teacher, student, classmate, and peer/friend, all within one task [30] .
However, since analysis is time intensive, the main challenge in working with this type of data is to draw a valid Education Research International 3 inference that relates implicit online cognitive processes to individual events. Additionally, although online data collection is relatively simple, it is far more difficult to create a reliable scoring rubric or to develop online coding schemes that accurately reflect the breadth and depth of SRL in teaching [15] . To date, there have been few attempts at online study of preservice teachers' SRL during teaching [16] .
Based on current recommendations for efficient SRL training, and taking the crucial role of reflection into consideration [5, 6, 20, 21, 45] , the first goal of this study was to investigate the effects of explicit reflective support for SRL in a video-digital Microteaching environment on preservice teachers' SRL. The second goal of this study was to explore methods of assessing SRL in real time.
In this study, we propose to examine preservice teachers' SRL online processes in a Microteaching exercise, with particular emphasis on measuring dynamic self-regulatory events [3] . This study addresses two questions: (1) what are the effects of reflective support (RS) in a video-digital Microteaching environment on the development of SRL skills? and (2) how can SRL be measured as an online event during a real-time teaching exercise?
Method

Participants.
Participants included ninety-seven preservice high-school teachers enrolled in a required undergraduate course in "Microteaching." The participants were randomly assigned to two experimental groups: reflective support (RS) and no support (NS) for SRL. Pretest comparison of the two groups showed no significant differences in gender, age, or teaching experience. A quantitative comparison measuring the participants' pedagogical knowledge in lesson design and self-report SRL questionnaire (MAI: [46] ) also revealed no differences between the groups, respectively, (F(3,91) = 0.718; P > 0.05; F(6,90) = 0.885; P > 0.05).
The study commenced at the start of the academic semester and comprised twelve weekly pedagogical workshops, each two hours in length (twenty-four hours of training in total).
Training: RS versus NS. Both groups (RS and NS)
of preservice teachers were assigned real-time teaching exercises in a video-digital Microteaching classroom simulation, approximately fifteen minutes in length. The teaching exercise was selected by the preservice teacher and related to one of the required topics in the curriculum as mandated by the Israeli Ministry of Education. The exercise was recorded on video and immediately followed by an evaluation by the participant's peers and the instructor in a reflective discussion.
The first two workshops exposed the participants to theoretical pedagogical frameworks (e.g., [47, 48] ) which emphasize the necessary knowledge for performing pedagogical tasks. These theories were explicitly discussed as well as implemented in pedagogical tasks, such as an analysis of a lesson design or video lessons specific events.
Then, the reflective discussions for evaluating the teaching exercise during the pedagogical workshops were directed by generic prompts to "think about" [34] pedagogical issues (e.g., the structure of the lesson; student-teacher interaction), teaching skills (e.g., asking questions), awareness of body language, and correct use of the board. In addition to the generic prompting that was provided to both groups, the reflective support (RS) group was given explicit instruction to include SRL in its discussion.
RS for SRL.
The RS preservice teachers were exposed to SRL theory based on Schraw et al. [6] and Zimmerman [45] . The discussion included theoretical and research findings that dealt with both the meta-cognitive aspect of the SRL process (planning, information management, monitoring, debugging, and evaluation) and the motivation aspect of SRL (interest and value, self-efficacy, and teaching anxiety). To help the participants internalize the use of SRL process, they were given pedagogical exercises that focused explicitly on the use of SRL skills, such as analyzing a video-recorded lesson while paying specific attention to the teacher's SRL in at different points in the lesson.
The importance of explicit reflection in every phase of the SRL process was emphasized. Consequently, the RS group was told to direct their reflective discussions in the pedagogical workshops by focusing on clear descriptions of what happened and why. The evaluation utilized flashcards that included references to the various components of SRL from the meta-cognitive and motivation aspects, such as: "The student put thought into the planning of the lesson"(planning component); "The student occasionally asked himself whether he was responding appropriately"(monitoring component); "At the end of the lesson, the student evaluated his achievement of the lesson's goals" (evaluation component); "It was important to the student to succeed in the teaching task" (interest and value of the teaching task component); "The student believed in his ability to succeed in the teaching task" (self-efficacy component); "The student was focused and his thoughts were clear" (teaching anxiety component). Table 1 summarizes the experimental design, by group.
Assessment Measures.
We measured SRL skills in terms of online events during a fifteen-minute teaching exercise in a Microteaching environment. Using theories proposed by Schraw et al. [6] and Pintrich [5] , we developed a coding scheme to identify and assess skills in both the meta-cognitive aspect (planning, information management, monitoring, debugging, and evaluating) and the motivation aspect (interest and value, self-efficacy, and teaching anxiety) of SRL. In contrast to the study of these aspects of SRL that has been generally done offline (i.e., questionnaires), our coding scheme was implemented on the video-digitalrecorded observations of real-time teaching exercises.
The digital observations were transcribed and assessed in two steps. Three expert judges analyzed ten videorecorded teaching exercises (the lesson taught in the exercises differed according to the subject's field of expertise) that had been taken from previous Microteaching courses. Judges independently analyzed the lessons by first dividing the content into events (i.e., meaningful utterances) and then categorizing each event according to the SRL aspects defined by Schraw and Dennison [46] into categories for regulation of cognition and Pintrich et al. [41] categories for motivation. For example, events indicating that the preservice teacher occasionally asked himself/herself whether he/she was clear enough to ensure the students' understanding (e.g., when a participant stopped the lesson and said "I must give an introduction" because he/she saw that the students had misunderstood what he had taught) were coded as the component of monitoring (Metacognition aspect of SRL); or events in which the preservice teacher showed confidence (e.g., when a participant asked "Are you ready to practice by yourselves?" and the class did not respond, he was not thrown off balance and instead countered humorously, "You don't know?...") were classified as self-efficacy (motivation aspect of SRL) (See the appendix presents the coding scheme and additional examples).
After consolidating components and agreement on events, the judges classified the scores as high (3), medium (2), low (1), or absent (0). Final scores ranged from 0 to 24 (score × 8 components). An event was scored as high (3) when the preservice teacher showed explicit use of SRL with consideration (e.g., explanations) of "why" the preservice teacher used this event; an event was scored as medium (2) when the preservice teacher showed explicit use of SRL without additional consideration; an event was scored as low (1) when the preservice teacher showed implicit use of SRL during the event.
Interjudge reliability was calculated between the three expert judges who evaluated six additional video-recorded teaching exercises by scoring each SRL event which appeared in the lessons according to the coding scheme. This process yielded high interjudge reliability (r = 0.89). See the appendix presents the SRL coding scheme, a description of each component and examples of event scoring (i.e., meaningful statement or behavior) as occurred during the real-time teaching experience.
Results
A one-way MANOVA followed by ANOVAs on the Metacognition and motivation variables indicated significant differences between the two groups (RS and NS) in both Metacognition (see Table 2 and Figure 1 ): F(5,91) = 38.470, P < 0.0001, η 2 = 0.679, and motivation (see Table 2 and Figure 2 ): F(3,93) = 21.236, P < 0.0001, η 2 = 0.407. According to the mean scores displayed in Table 2 and Figures 1 and 2 and the effect sizes between the groups, significant differences were found between the groups. The group who received reflective support for SRL (the RS group) displayed higher levels of meta-cognitive skills, which were evident in (1) clearer (i.e., structured) lesson plans; (2) better management of information; (3) increased use of self-judgment during the teaching exercise; (4) correct handling of errors arising during the teaching exercise; (5) increased attention to content taught and lesson goals achieved. Findings indicated particularly large differences between the groups on planning (d = 1.51), monitoring (d = 1.10), and evaluation (d = 2.41). In contrast, the NS group did not often engage in evaluation processes, which are crucial for the reflection phase in the SRL cyclical model [3, 10] . As for the motivation components, the RS group displayed greater interest and value of teaching (d = 2.77), higher self-efficacy (d = 2.65), and less teaching anxiety (d = 2.50) than the NS group (d = 1. 56; 1.82; 1.65, respectively). To better understand the development of SRL in both groups, two graphs of SRL movement-by-movement events traces illustrate the measurement of SRL throughout the teaching exercise in the Microteaching environment (fifteen minutes). These SRL traces were selected randomly from real-time teaching exercises using one preservice student from each experimental group (see Figures 3 and 4) .
As seen in these figures, the participant from the RS group demonstrated more events of SRL (17 events) than the participant from the NS group (15 events). And it is worth noting that the participant from the RS group mentioned the motivation aspects (5 events), whereas the participant from the NS group practically ignored them (2 events).
The graphs also highlight different patterns in the SRL event traces. While the participant from the RS group alternated between different aspects of SRL, the participant from the NS group mainly focused on two components of the meta-cognitive aspect (planning and information management).
Discussion
Current research in the field of SRL deals with two central issues: the means by which learners control their own learning process and how this process may be assessed [2, 3] . This study addresses these issues, specifically the role of reflective support of SRL in preservice teachers' professional training.
Our findings indicate that although preservice teachers from both groups were exposed to reflective discussion about real-time teaching experiences, these had different effects on SRL. The group that received reflective support (RS) for SRL displayed higher levels of SRL skills during their teaching exercise than the group that did not receive support. The SRL skills were manifested in both the meta-cognitive aspect (planning, information management, monitoring, debugging and evaluating) and the motivation aspect (interest and value, self-efficacy, and teaching anxiety).
These findings can be explained by the different instructions given to each group. The RS group was guided specifically to pay attention to the SRL aspects (Metacognition and motivation) and was directed to use flashcards throughout the reflective process in order to think about and reflect on (what happened and why) the different aspects of SRL. The NS group was directed to use generic reflection, with tacit and implicit instructions such as "think about" [34] , which may not have helped them fully utilize the reflective discussion to develop their SRL. These findings support Schön's [49] conclusion that using knowledge in tacit and implicit situations is especially problematic for inexperienced preservice teachers. In contrast, the directed discussion with flashcards enabled the preservice teachers to progress through the SRL aspects (Metacognition and motivation) in the teaching exercise, which may have helped them reflect on learning and teaching from different perspectives. Our findings also support previous studies which showed that explicit support of SRL is necessary for the activation of SRL processes in any learning environment [2, 6, 19, 21, 50, 51] .
In addition, we found that explicit SRL support strengthened the motivation (interest, value of the tasks and selfefficacy) of the RS group. Our findings support the theory that motivation is an inherent part of the SRL cycle, thus enabling the use of Metacognition (e.g., [5, 10, 15] ). This is important because the motivation aspect of SRL has been given less attention by researchers than the metacognitive aspect (e.g., [15] ).
Current research on SRL highlights the importance of measuring SRL as an online event (e.g., [3] ). Event measures are wellsuited for making causal inferences about online changes in SRL in an authentic setting. They offer researchers not only a sensitive measure of SRL, but also a measure of the efficacy of various interventions geared towards encouraging learners to use SRL skills [3, 52] . Our study focused on the observation of teaching experiences. Until now, little research in the SRL field has been done using real-time observations of preservice teachers' SRL behaviors. For a comprehensive understanding of these behaviors, we developed a coding scheme designed to assess SRL events during the analysis of video-digital-recorded teaching exercises.
However, the coding scheme enabled to analyze SRL as it appeared (visible) in the video-recorded lessons' statements and behaviors. We suggested that a further research add qualitative data to illustrate the SRL processes. In particular, the data can be collected on preservice teachers' internal processes as self-reflections by interviewing the teachers on their thinking and during their lesson.
Practical Implications, Future Research, and Limitations.
Our study makes an important contribution to the training of preservice teachers, with a focus on increasing their SRL skills. We recommend the use of critical reflective discussion, which guides learners in understanding why things happened while observing what happened, as a training method to support the learning process and professional development of preservice teachers. In our study, we found that using directed prompts, such as flashcards referring to specific evaluation criteria, can help conduct a productive critical reflective discussion.
This study focuses on preservice teachers during their training. We recommend tracking these preservice teachers during their first year as inservice teachers to examine their future professional behavior as a function of the type of reflective support they received during their training period.
Our goal was to examine the effects of reflection support on SRL events. Our online measurements provided us with rich data about aspects of the SRL process (Metacognition and motivation). However, the study was conducted in laboratory conditions using a video-digital Microteaching environment. To strengthen the validity of our measure, we recommend observing the SRL process of beginning inservice teachers during an active experience in the field, using the same coding scheme that we developed. We also suggest that future studies implement other event measures with time-series analysis techniques to observe SRL behavior [3] . Our study focused only on the effects of RS on SRL. We suggest for further research to examine the effects of explicit RS on preservice teachers' ability to transfer their SRL skills to different types of knowledge, for example, use of pedagogical content knowledge or subject content knowledge, and examine its impact on the academic performance of teachers working in various disciplines, school types, and cultures with a wide range of personal characteristics. In addition, the data gathered for this study was only in 15-minute segments; we cannot therefore draw conclusions regarding the pattern of all SRL behaviors in other teaching settings. For further research, we suggest a long-term study (e.g., at 6 months and 12 months after SRL training), including evaluations of both kinds (aptitude and events). Such a study should use complementary measures to assess aptitudes (questionnaires) and events, such as thinking aloud, observations, log-files, and forum discussions (e.g., [53] ). This may shed further light on the effects of explicit, critical reflection support on other internalSRL events which could not be observed with our type of measure.
Our study implemented explicit reflective support for developing SRL with preservice teachers. In our opinion, the study of reflective support as a springboard for fostering SRL should remain a focus point for future research. Further Education Research International 9 studies may devise and apply other models for supporting SRL development in preservice and in-service teachers in different learning environments. In summary, this study offers a practical intervention and a valid and reliable tool for assessing teachers' SRL, with the goal of enhancing such competencies not only for teachers but also for students.
